By this calculation, the probability of dispersing 500 km (see Fig. A1b ) ranges from a practically negligible p ij,500 = 310 -151 for d med = 1 km up to p ij,500 = 0.03125 for the largest considered d med = 100 km. For the median dispersal distance of 10 km, taken as a reference for the PA connectivity analysis and ProtConn values, p ij,500 is as low as 910 -16 . Therefore, the 500 km buffer distance (see section 2.3) is deemed sufficient to capture any likely movement through transnational PAs even for the full range of dispersal distances considered (Fig. A1b) .
Fig. A1.
The negative exponential dispersal kernel, giving the probability of direct dispersal between two PAs i and j (p ij ) as a function of the distance between them (d ij ), for the four median dispersal distances considered (1 km, 10 km, 30 km and 100 km), which encompass the dispersal abilities of the majority of terrestrial vertebrates. Panel (a) shows the negative exponential curves up to an inter-PA distance of 70 km. Panel (b) shows the same curves but up to an inter-PA distance of 500 km.
A2. The need to consider both intra-PA and inter-PA connectivity when assessing the connectivity of PA systems
Accounting for both intra-patch and inter-patch connectivity has been shown to be essential for providing meaningful connectivity metrics and assessments (Tischendorf and Fahrig, 2000; Pascual-Hortal and Saura, 2006; Saura and Pascual-Hortal, 2007; Saura, 2017; Saura and De la Fuente, 2017) . Considering only interpatch connectivity, without attention to the resources accessible within a patch, can provide misleading conservation insights when the connectivity of different patch networks, or their changes through time, are compared. For example, focusing only on inter-patch connectivity may lead to advocating the replacement of a PA by multiple smaller PAs that, while well interconnected, cover only a (small) part of the land encompassed by the original PA. This is illustrated in Figure A2 below, where cases II or I may result from downsizing or degazetting significant portions of the larger PAs in case III. A similar case would be the one in Figure A3 below, where the PA system in Y may be replaced by that in X.
To avoid these and other problems, network (graph-based) metrics that account for both intra-patch and inter-patch connectivity have been developed in recent years (Pascual-Hortal and Saura, 2006; Saura and Pascual-Hortal, 2007; Saura and Rubio, 2010; Saura and De la Fuente, 2017) : the Integral Index of Connectivity (IIC), the Probability of Connectivity (PC), and the Equivalent Connected Area (ECA). These metrics underlie the ProtConn indicator used in this study, as noted in the main text.
Connectivity metrics that account for both intra-patch and inter-patch connectivity, such as the PC metric that underlies ProtConn, have been shown to outperform metrics that only consider inter-patch connectivity in their ability to explain metapopulation viability (Visconti and Elkin, 2009 ), species occupancy (Pereira et al., 2011) or seed deposition from the dispersal of frugivorous birds (Rodríguez-Pérez et al., 2014 ). An overview of these and other related studies is provided by Saura (2017) .
For these reasons, recent studies have considered both intra-PA and inter-PA connectivity in the assessment of PA systems (Gurrutxaga et al., 2011; Mazaris et al., 2013; Maiorano et al., 2015; Santini et al., 2016; Saura et al., 2017) . This is also the case of our study, and of the ProtConn indicator that we here use and further develop, which models and evaluates both components of connectivity. See Figures A2 and A3 below for some schematic illustrative examples. (2017) . The countries are ordered by increasing ProtConn from I to III. In countries I and II there are links (connections) between some of the PAs, while in III the two PAs are isolated from each other (there is no link between them). For simplicity, in this example we assume that the probability of dispersal between two different PAs i and j is p ij = 1 for the links shown, and p ij = 0 otherwise. In case I, all PAs are fully connected to each other, while in II and III some PAs are isolated from some others (the PAs at opposite sides of the country). The inter-PA connectivity is hence higher in I than in II or III. However, I is the least desirable case among the three from a conservation and PA design point of view, and this is reflected by I having the lowest ProtConn value. ProtConn is higher in II than in I, because in II species can use an additional set of four connected PAs in the lower right part of the country; even though dispersal between the two groups of PAs may be rare or nonexistent, in II there are two sets of locally connected PAs while in I there is only one. Removing (degazzeting) the four PAs in the lower right part of II would result in the same PA system as in I, where inter-PA connectivity is high for all existing pairs of PAs. However, since the amount of reachable protected land is reduced by this action, it would be misleading to consider this change as beneficial for the conservation potential of the PA system. An analysis which ignores intra-patch connectivity could lead to perverse outcomes such as removing all but a small cluster of connected PAs in a country, or avoiding the designation of PAs beyond small localized clusters. On the other hand, even though in III the only two existing PAs are isolated from each other, ProtConn is higher in III than in I and II. This is because, no matter how well connected the PAs are in I and II, the amount (area) of protected land that can be reached within the two big PAs in III (intra-PA connectivity) is much larger than all the protected land that can be reached through the links between the different PAs in I and II (inter-PA connectivity). In fact, the configurations in I and II could be the result of a habitat loss and fragmentation process acting on scenario III (shrinking and degazzeting of parts of the two large PAs in III). From the standpoint of conservation, fragmentation of one large PA into several smaller PAs (even if they remain connected) should not be deemed more beneficial (or more connected) than the original continuous PA. Obviously, ProtConn would increase, both in II and III, if there was an additional link connecting the PAs in the opposite sides of the country; but even in the current setting, without such an additional link, ProtConn is highest in III and lowest in I.
Fig. A3.
Two hypothetical countries with different PA systems. In country X there is a set of PAs that are connected to each other forming a set of consecutive stepping stones, eventually allowing species to shift their ranges from one side of the country to the other. In country Y there is a single PA, hence not connected to any other PA, that would also allow the same range shifts as efficiently as, or more efficiently than, in the PA system in country X. Focusing only on inter-PA connectivity would wrongly indicate that the PA system in X is more connected than in Y, since in X every PA is connected to at least some other PA while in Y there is a single isolated PA. Focusing only on inter-PA connectivity would even indicate as desirable for connectivity to downsize and degazette the PA in Y to give several smaller PAs, linked as in X. These misleading results are avoided in the ProtConn indicator by accounting for both intra-PA and inter-PA connectivity: ProtConn is higher in Y than in X, because the intra-PA connectivity in the single PA in Y exceeds the combined inter-PA and intra-PA connectivity for all PAs in X. where q is the number of land portions in the country (i.e. number of non-contiguous land polygons for the country), r is the number of land portions of other countries that fall entirely or partially within a transboundary buffer (here of 500 km) outside the PAs of the country 1 , and everything else is as described for ProtConn in section 2.4 of the main text. The calculation of ProtUnconn[Sea] uses a network in which the PAs within the country (n) have an attribute equal to their area, and all other polygons (t+q+r) are also included but with an attribute equal to zero 2 . All land portions, either of the country (q) or of other countries (r), have been here obtained from the land polygons as mapped in GAUL 2015.
References cited in Appendix A
The difference between the equation for ProtConn (section 2.4 of the main text) and the right term of the equation for ProtUnconn [Sea] consists in that, when calculating ProtUnconn [Sea] , the country and foreign land portions (q+r) are included in the network (as polygons with an attribute equal to zero). These zeroattribute polygons will contribute only as connectors between the polygons with non-zero attributes (the PAs belonging to the country), as given by the connector fraction of the PC metric (Saura and Rubio, 2010) that underlies ProtConn.
Given that the distances between the polygons are calculated as edge-to-edge distances (see section 2.3 in the main text), in ProtUnconn[Sea] the probability of movement between two PAs i and j (p* ij ) will only be p* ij < 1 when movement needs to happen, even if only partially, outside the set of considered polygons (n+t+q+r) to be able to reach one PA from the other. Since any terrestrial PA of a country will overlap at least one of the land portions of the country, the only case in this network setting in which two PAs can have p* ij < 1 is when the two PAs are separated by the sea (i.e. located in different islands or land masses). If it is possible to move between any pair of terrestrial PAs in the country without traversing the sea, then all pairs of PAs in the country will have p* ij = 1 and √∑ ∑ + + + =1 * + + + =1 will be equal to ∑ =1 , giving ProtUnconn[Sea] = 0 (no isolation of PAs by the sea as considered by ProtUnconn [Sea] ). This includes the 1 Disputed territories (i.e. lands with sovereignty disputed by two or more countries) as mapped in GAUL 2015 are included as part of q in the calculations when the country has declared to the WDPA one or several PAs falling (partially or entirely) within such disputed territory, hence accepting, for the purposes of this assessment, what the countries submit to the WDPA. If two different countries claim, through the information they submit to the WDPA, to have PAs under their jurisdiction in the same disputed territory, such disputed territory is included as part of q for both countries. Any disputed territory that has no PAs declared by the country (as given by the WDPA) is considered as part of r for that country (as long as such territory falls, partially or entirely, within the 500 km buffer around the PAs of the country). This is the procedure applied for dealing with disputed territories in the calculation of the three ProtUnconn fractions, and hence also of ProtConn Bound . This analytical procedure by no means implies any endorsement or recognition by the authors, nor any official position by the European Commission, on the sovereignty of any disputed territory. 2 In theory, all transnational PAs outside the country (t) should be located within a foreign land portion (r). Therefore, all the land covered by the t polygons would be already covered by the r polygons, making it unnecessary to include t if r is already included in the analysis, given that both types of polygons are treated in the same way in the network (i.e. as nodes with attribute equal to zero). However, in a few cases there might be small mismatches between the boundaries of a PA submitted by a country to the WDPA (using their own maps and datasets) and the boundaries of the country as mapped in a worldwide country layer such as GAUL. For this reason, it is advisable to include both t and r to avoid the effect of any potential (even if small) mismatches between the layers, and hence to provide a fully consistent correction and calculation across the different networks and set of polygons used to obtain the three ProtUnconn fractions.
case in which the movement between two PAs in the same island or landmass would need to traverse larger distances through land than the distance of a movement directly across the sea, such as two PAs in opposite sides of a fjord or other similar situations, all of which will give ProtUnconn[Sea] = 0.
ProtUnconn [Sea] will be equal to zero in three cases:
 Obviously, when q = 1 (the country is constituted of a single continuous land portion).
 When q > 1 but the land portions are separated only by other countries and not by the sea.
 When q > 1 and some of the country's land portions are separated by the sea, but all the PAs of the country are located in just one of the land portions, or they are located in portions separated by other countries but not by the sea. If all the PAs of the country fall within the same land portion, the isolation that they may have is not due to the sea but to the lack of an adequate design of the PA system within that land portion. If all the PAs of the country fall within different land portions that are separated by other countries and not by the sea, the isolation that they may have is not due to the sea but to foreign lands and/or to the lack of an adequate design of the PA system within the land portions of the country. In a country in which the sea separates its territory into multiple land portions (q > 1), the value of ProtUnconn[Sea] will increase in response to:
 Increasing number of land portions (q) that, having PAs, are separated by the sea.  Increasing evenness with which the area covered by PAs in the country is distributed among the different land portions. For example, a tiny PA in a small island belonging to a country with nearly all its land area and PA coverage in a large continuous mainland will make ProtUnconn[Sea] only very slightly (perhaps unnoticeably) larger than zero.  Increasing distances through the sea that separate the different land portions with PAs, combined with smaller species dispersal distance. This is because the combination of the distance between the land portions and the species dispersal abilities will determine the actual probability of movement (p* ij ) between the land portions separated by the sea.
Finally, it may be noted that also inland waters (mainly big lakes), and not just the sea, can contribute to separate the territory of a country into disjoint land portions (inland islands). In practice, however, this only happens in a very few cases that have little importance for the national and global assessment conducted here; for example, the islands in the Great Lakes (North America), such as Isle Royale (USA) in Lake Superior, or Amherst Island (Canada) in Lake Ontario. These inland islands are also accounted for in the calculation of ProtUnconn [Sea] and of the rest of the connectivity indicators, and are treated in the same way as the seaseparated land portions. These inland islands are, however, very few compared to the sea-separated islands, very small compared to the size of other land portions (either the mainland or the sea-separated islands), and located at much smaller distances from the mainland than the land portions separated by the sea. Therefore, they contribute very little to the isolation of PAs at the country level. They have a largely unnoticeable effect in the final value of ProtUnconn [Sea] , as well as of the rest of the PA connectivity indicators, and hence we refer to this fraction simply as the "Sea" fraction. For this reason, we also frame all the description and discussion on this fraction (and the related ones) in the context of the PA separation by the sea.
B2. The ProtUnconn[Outland] fraction
ProtUnconn [Outland] quantifies the isolation of the terrestrial PAs of the country due to unprotected foreign lands, and is calculated as:
where all the variables are as described above.
According to this equation, ProtUnconn [Outland] is given by the difference between the following two terms (the two numerators in the equation above) that are calculated using two different networks:
i) The first network (n+t+q+r, to the left in the previous equation) corresponds to that already described above for ProtUnconn [Sea] , i.e. a network in which the PAs within the country (n) have an attribute equal to their area and all other polygons (t+q+r) are also included but with an attribute equal to zero. It holds that:
o This term n+t+q+r will only be lower than ∑ =1 because of the separation of the country land portions by the sea, as described in the previous section B1 for ProtUnconn [Sea] .
ii) The second network (n+t+q, to the right in the equation above) corresponds to a network in which the PAs within the country (n) have an attribute equal to their area, the transboundary PAs (t) are included with an attribute equal to zero, the land portions of the country (q) are included with an attribute equal to zero, and the land portions of other countries within the transnational buffer (r) are not included. It holds that:
o The term n+t+q+r can never be lower than the term n+t+q, since the latter includes fewer nodes (polygons) and fewer potential connections, all of which are accounted for in the former.
o The term n+t+q will be lower than ∑ =1 because of the separation by both sea and foreign lands. Given that the previous term n+t+q+r will only be lower than ∑ =1 because of the separation by the sea, the difference between these two terms will determine the isolation of PAs caused by foreign lands, i.e. ProtUnconn [Outland] .
The term n+t+q+r will only be larger than the term n+t+q, and hence ProtUnconn[Outland] will only be larger than zero, when the following three conditions (c1, c2 and c3) are all met: c1) First, that there is at least one foreign land portion that separates the country land into several non-contiguous portions. If the transnational buffer (here 500 km) includes several foreign land portions r but these foreign portions do not dissect the country land portions (i.e. it is possible to move between all the PAs of the country without traversing foreign lands), then ProtUnconn[Outland] = 0. Obviously, if q = 1 or if q > 1 but all the country land portions are separated by the sea and not by foreign lands, then ProtUnconn[Outland] = 0. c2) Second, that there is no protection (no transboundary PAs) in at least part of the foreign land that needs to be traversed to move between the country land portions. In other words, this second condition will not be met if the PAs in the foreign land portion are set up in a way that provides full continuity of protected land via such movement through foreign lands. c3) Third, there are PAs of the country in at least two of the country land portions that are separated by the foreign lands. If all the PAs of the country fall within the same land portion, the isolation that they may have is just due to the lack of an adequate design of the PA system within that land portion. If all the PAs of the country are distributed across several land portions, but still there are no PAs in the country land portions that are separated from the rest of the nation by foreign lands, the isolation that PAs may have is not due to foreign lands but due to the sea or to the lack of an adequate design of the PA system within the land portions of the country.
These three conditions are met for example in the USA, where Alaska is separated by Canada from the conterminous states, or in Brunei, separated into two parts by the state of Sarawak in Malaysia. A special case of condition c1 above is the following: two (or more) land portions of a country are separated by the sea (for example the Greek island of Lesvos and mainland Greece) but in between these portions there is land of another country located in such a way that it could be used as stepping-stone land when moving between the country portions to reduce the distance that needs to be traversed through the sea (e.g. using Turkish land in the movement between the island of Lesvos and mainland Greece). In this example, Greece will have ProtUnconn[Outland] > 0 as long as condition c2 above is also met for the land and PAs in Turkey and condition c3 is met as well (that PAs are declared both in Lesvos and mainland Greece Finally, and even if it is implicitly given by the conditions above, it is worth noting that the potential lack of transboundary PAs in the foreign country lands (r) will not always translate into ProtUnconn[Outland] > 0. This will only happen if the movement between the PAs of the country could not be completed by using only protected lands within the country once the country had already designated all the necessary PAs within its land to try to make such movement possible. Therefore, ProtUnconn[Outland] will be larger than zero only if the transboundary PAs would continue to be necessary to connect two PAs of a country even in the theoretical case of the whole country being covered by PAs. In other words, the responsibility of PA isolation is only assigned to other countries (ProtUnconn [Outland] ) when the considered country alone has no possibility (even if theoretical) of providing a continuous protected pathway for movement between its PAs, i.e. when that would not be possible even if the country had declared all its land as protected.
When all the above mentioned conditions (c1, c2 and c3) are met, ProtUnconn [Outland] for a country will increase in response to:
 Increasing number of land portions (q) that, having PAs, are separated by unprotected foreign lands.  Greater evenness with which the area covered by PAs in the country is distributed among these different land portions separated by unprotected foreign lands.  Larger distances through unprotected foreign lands that need to be traversed to move between the country's different land portions with PAs, particularly with smaller species dispersal distance. This is because the combination of the distance to be traversed through unprotected foreign lands when moving between the country land portions and the species dispersal abilities will determine the actual probability of movement (p* ij ) between the land portions separated by unprotected foreign lands.
B3. The ProtUnconn[Design] fraction
ProtUnconn[Design] quantifies the isolation of PAs which stems from limitations in the design of the terrestrial PA system of the country (this is the part of the PA isolation for which a country can be made accountable), and is calculated as:
where all terms are as described above. In this equation, ProtUnconn[Design] is obtained from the difference between two terms (the two numerators in this equation) that are calculated using two different networks. The first network (n+t+q, to the left in the equation above) considers all PAs within the country (n) with an attribute equal to their land area, all the transboundary PAs (t) with an attribute equal to zero, and all the the land portions of the country (q) with an attribute equal to zero. The second network (n+t, to the right in the equation above) only considers the PAs: the PAs within the country (n) with an attribute equal to their area, and the transboundary PAs (t) with an attribute equal to zero. The term n+t+q can never be lower than the term n+t, since the latter includes fewer nodes (polygons) and fewer potential connections, all of which are accounted for in the former. The difference between the two terms will be different from zero, and hence ProtUnconn[Design] > 0, when the movement between the PAs of the country requires traversing some unprotected lands within the country, i.e. when there is a lack of connectivity and continuity in the PAs within the country. In other words, ProtUnconn[Design] > 0 when the connectivity between the PAs of the country would increase if other currently unprotected lands of the country were designated as PAs serving as corridors between the rest of the PAs in the country.
Appendix C. Details on the ProtConn Bound possible values and interpretation

C1. When will ProtConn Bound be equal to ProtConn and/or Prot?
ProtConn Bound is the version of the Protected Connected indicator adjusted to account only for the part of PA connectivity that it is within the power of the country to influence (excluding the effect of PA isolation caused by the sea and by unprotected foreign lands). As noted in the main text, ProtConn Bound is calculated as:
Which is the same as calculating ProtConn Bound as:
Since, as already noted in the main text, ProtUnconn[Design] ≤ ProtUnconn, then ProtConn Bound  ProtConn. On the other hand, since ProtUnconn[Design]  0, then ProtConn Bound ≤ Prot. In words, ProtConn Bound will never be higher than the PA coverage, and will never be smaller than the non-adjusted ProtConn. In particular, the following three cases hold regarding the values of ProtConn Bound , ProtConn and Prot:
 ProtConn Bound will only be equal to the PA coverage (Prot) when, given any two point locations selected within the PAs of the country, the movement between these locations can be entirely accomplished by traversing either protected lands, the sea, or unprotected lands in other countries, but with no need to traverse any unprotected lands within the country.
 ProtConn Bound will only be equal to both Prot and ProtConn when, given any two locations selected within the PAs of the country, the movement between these locations can be entirely accomplished by traversing protected lands only, with no need to traverse the sea nor any unprotected lands (within or outside the country).
 ProtConn Bound will only be smaller than Prot but equal to ProtConn when, given any two locations selected within the PAs of the country, it is necessary that part of the movement between at least two of these locations traverses some unprotected land within the country but there is no need to traverse the sea or unprotected lands in other countries.
C2. ProtConn penalizes the PA connectivity scores for countries with several non-contiguous land portions
As given by the equation for ProtConn in section 2.4 in the main text, ProtConn will only be equal to Prot, and ProtUnconn will only be equal to zero, when the numerator of ProtConn, i.e. the Equivalent Connected Area (ECA) (Saura et al., 2011; Saura and de la Fuente 2017) , equals the total area of land protected in the country (∑ =1 ). Whether this will actually happen or not depends on the country's efforts to design a wellconnected terrestrial PA system, but not solely on these efforts. It will also depend, as noted in Appendix B, on whether the country land is separated into several non-contiguous land portions (q) which have PAs. The following cases can be differentiated:
I. A country with its land distributed in a single continuous landmass (q = 1). In this case, ProtUnconn[Sea] = 0, ProtUnconn[Outland] = 0, ProtConn = ProtConn Bound , and the country may, in theory, achieve ProtUnconn = 0 and ProtConn = Prot, or get as close as desired to that situation, through an adequate design and reinforcement of its terrestrial PA system. II. A country in which the sea separates its territory into multiple land portions (q > 1), each containing some of the PAs of the country. This is the case of countries distributed across several islands, like the Philippines, or distributed between island and mainland territories, like Greece. In this case, because of the isolation imposed by the sea, ProtUnconn ≥ ProtUnconn[Sea] > 0, ProtConn < ProtConn Bound , ECA will never be as high as ∑ =1 , and ProtConn < Prot, no matter how well the terrestrial PA system in the country is designed. The detailed values for the example of Greece are shown in Appendix D.
III. A country in which its territory is separated in several non-continuous portions because of the land of other nations being located in between (q > 1), in such a way that any terrestrial movement between at least one pair of PAs of the country needs to traverse some distance across foreign lands. This is the case for example of the USA, where Alaska is separated by Canada from the conterminous states, or Brunei, separated into two parts by the state of Sarawak in Malaysia (see the detailed values of the ProtConn-related indicators for the example of Brunei in Appendix D). Two subcases can be differentiated here, the first being the more common of the two:
IIIa. The distance that needs to be traversed across foreign lands is, partially or fully, unprotected. In this subcase, ProtUnconn ≥ ProtUnconn[Outland] > 0, ProtConn < ProtConn Bound , and ProtConn will decrease (will be lower than Prot) for this reason. In other words, when the lack of PAs designated by a different country imposes some distance to be traversed through unprotected lands in the movement between the PAs of the country under consideration, this will impose some decrease in the value of ProtConn. This decrease will be for a reason (ProtUnconn[Outland] ) that is not under the control or jurisdiction of the country whose PAs are being considered. This is the subcase that applies for the examples of USA and Brunei.
IIIb. If there is a pathway that can be followed to traverse the foreign lands entirely through PAs designated by the other country, there is no PA isolation that can be attributed to a different country. In this subcase, ProtUnconn may or may not be larger than zero, but even if it was larger than zero, and assuming that there is no isolation by the sea, it would be entirely because of limitations in the design of the PA system in the considered country, with no responsibility falling on other countries. In other words, in this subcase there would be no decrease in the ProtConn value for the country that could be attributed to the lack of PAs in other countries (ProtUnconn[Outland] = 0, ProtConn = ProtConn Bound ).
IV. Finally, it is obviously possible that there are several non-contiguous land portions in a country (q > 1) as a combined result of the two previous circumstances II and IIIa (separation both by the sea and by unprotected foreign lands). This is the case, for example, for the USA, where Alaska is separated by Canada from the conterminous USA but where the country's land is also partially distributed across islands like Hawaii. In this case, ProtUnconn[Sea] > 0, ProtUnconn[Outland] > 0, ProtConn < ProtConn Bound and ProtConn will obviously also be lower than Prot, no matter how well the terrestrial PA system in the country is designed.
To give an illustrative example, a country may have achieved a given PA coverage (Prot) well above the 17% level of Aichi Target 11, and may have designed the PA system very well regarding connectivity, but may find that its ProtConn score falls below the 17% of Aichi Target 11, simply because of factors outside its control (cases II and IIIa, or their combination in case IV). This is for example the case of Greece (Fig. D1 in Appendix D). Similarly, there is a theoretical extreme but interesting example to consider: the case in which all the land of the country is covered by PAs, i.e. Prot = 100%. This case would certainly be one in which the country has done all that is in its power to reinforce the terrestrial PA system; there is nothing else that the country can do, regarding the design of the PA system, to promote the continuity and connectivity of PAs in the country. Although in such a case one might expect that ProtConn would reach its maximum possible value (ProtConn = 100%), and that ProtUnconn would be 0%, the effect of isolation by the sea and/or foreign unprotected lands (cases II, IIIa and IV above) can still make ProtConn fall below 100%. Such a shortfall would happen for reasons that are outside the control of the country, and for which, therefore, it would not be fair to penalize the country. While ProtConn will never decrease for larger dispersal distances (d med ), this can happen for ProtConn Bound because of the indicator adjustment to account only for the part of PA connectivity that it is within the power of the country to influence (excluding the isolation due to the sea and foreign lands). Consider, for example, a case of a country with (i) two islands separated by the sea, (ii) one PA in the center of each of the islands, and (iii) the PAs at some distance from the shore (i.e. a movement from the edge of the PA to the shore would need to traverse some unprotected lands). When moving between these PAs, the distance to be traversed through the sea, alone, may result in a low connectivity for a species with limited dispersal abilities.
In the extreme, movement between the two PAs on the different islands would be impossible for such species just because of this sea distance, yielding p [Design] . In our actual results for national PA systems, however, the large majority of ProtConn Bound values increased with dispersal distance. Only in about 7% of the cases (countries and dispersal distances considered in this study), ProtConn Bound decreased to some extent when the considered species median dispersal distance d med increased (from 1 to 10 km, from 10 to 30 km, or from 30 to 100 km). A decrease in ProtConn Bound above 0.1% for a larger d med only happened in 3% of the cases, and a decrease in ProtConn Bound above 1% for a larger d med only happened in 0.4% of the cases. These cases all correspond to countries with multiple islands of relatively comparable sizes, and with at least some PAs that do not cover the entire island, so that this kind of effect (PA-shore vs. sea distance) is prominent enough in the final indicator values. This is the case, for example, for the Philippines, New Zealand or Antigua and Barbuda.
C3. ProtConn and ProtConn Bound : when to use which one?
The Protected Connected indicator is, therefore, available in two different versions: the non-adjusted ProtConn, as presented in Saura et al. (2017) , and ProtConn Bound as presented in this work. It is important to note that none of these two versions can be regarded in general as superior to the other, since this will depend on the objective of the assessment. The question therefore is: which of the two indicator versions, ProtConn and ProtConn Bound , is to be used for what?
If, for example, we are interested in the ecological effects of the actual levels of PA isolation, then the indicator to use is ProtConn, since it captures together all the factors that drive the potential lack of PA connectivity. If, for instance, gene flow is expected to decrease in PA systems with low connectivity (all other factors being equal), this would be better assessed with ProtConn than with ProtConn Bound . For example, the gene flow between Alaska and the state of Washington in the USA, or between Hawaii and Alaska, may be low. This would be accounted for in ProtConn, but not in ProtConn Bound , since the latter discounts the PA isolation caused by the sea or foreign lands, which is not in the power of a country to influence but will indeed have some effect on gene flow or on other ecological patterns and processes that may be considered.
If, however, we are interested in specifically evaluating the efforts of a country towards connectivity targets (such as Aichi Target 11), and in providing a fair comparison of those efforts with those made in other countries, then ProtConn Bound is the indicator to use, as we do in this work. This is because ProtConn Bound only considers the part of PA isolation that is in the power of the country to influence, while ProtConn would penalize the country for reasons that are out of its control (isolation because of the sea and because of other countries). Here the interest is not to evaluate the ecological consequences of PA connectivity/isolation, but to provide a more conservation policy oriented evaluation of how much has been done, compared to how much can be actually done, in designing a well-connected system of PAs in a country (as given by what is really feasible to achieve within the possibilities of the country). Therefore, ProtConn Bound is more appropriate for a policy-relevant assessment such as the one here provided for the world's countries. (Fig. D1) , Croatia, Brunei Darussalam (Fig. D2) , Timor-Leste, Equatorial Guinea, Croatia, Belize, and the small island group Bonaire, Sint Eustatius and Saba (three special municipalities of the Netherlands located in the Caribbean Sea).
Five countries meet the 17% target as measured by ProtConn Bound but not as measured by ProtConn, i.e. they only meet the target when the effects of ProtUnconn [Sea] and ProtUnconn [Outland] have been factored out in the assessment. These five countries are Greece (Fig. D1) , Denmark, Antigua and Barbuda (Fig. D3) , Equatorial Guinea, and Kiribati. Other countries were above the 17% target even before accounting for ProtUnconn [Sea] and ProtUnconn [Outland] , i.e. as given by ProtConn, such as Brunei Darussalam (Fig. D2) , while others remained below the 17% ProtConn Bound target even when ProtConn Bound was significantly higher than ProtConn, as is the case for example for Italy (Fig. D4) . 
Appendix E. Global and regional averages of the ProtConn indicators for other dispersal distances
Appendix F. Continental averages of the ProtConn indicators
The country-level values of the ProtConn-related indicators were aggregated at the continental level, using a weighted average of country values (see Methods). This appendix shows the resultant continental-level values for ProtConn Bound (Fig. F1) , ProtConn [Within] (Fig. F2) , ProtConn [Contig] (Fig. F3) , ProtConn[Unprot] (Fig. F4) and ProtConn [Trans] (Fig. F5) for a reference median dispersal distance of 10 km. Fig. F1 . Protected Connected indicator considering the part of the PA connectivity that is in the power of a country to influence (ProtConn Bound ) for all continents and for the European Union (EU-28) for a reference median dispersal distance of 10 km. Note that the Russian Federation is included within Europe, which has a large influence on the values for this continent (see Methods). 
Appendix G. Examples of countries with different priorities for PA connectivity
This appendix shows several detailed and illustrative examples of countries falling within each of the priority categories for PA connectivity (Table 2 and Figure 6 in the main text). One example country is provided for each of these priorities, including a map of the PAs in the country and pie charts summarizing the values of the ProtConn-related indicators for the country.
Note that, as for the indicator values calculated in this study, all the examples below are based on the public version of the World Database on Protected Areas (WDPA) of June 2016, and only consider the terrestrial PAs in each country (see Methods for further details). The reported indicator values in the pie charts below are all based on a reference median dispersal distance of d med = 10 km, as in the classification in Table 2 and Figure 6 . The country boundaries, and the delineation of disputed territories (those with unsettled sovereignty) shown in the figures below are all based on GAUL 2015 (see Methods), but this does not imply any endorsement by the authors, nor any official position by the European Commission, on the sovereignty of any of these lands. Finally, we here use for simplicity, as in the rest of the study, the term 'countries' to refer to those territories for which PA systems have been individually considered in the analysis, as given by their ISO3 codes reported in the WDPA (see Methods). However, in several cases these ISO3 codes correspond to territories under the sovereignty of other nations; for example in the case of Greenland, a selfgoverning territory that is part of the Kingdom of Denmark.
The following seven countries have been selected as informative examples, here sequentially numbered as G1-G7, and corresponding to the coding of priorities in Table 2  G6. A country with no specific priority other than PA management effectiveness for connectivity (B3): Greenland.
 G7. A country in which the coordinated management of transboundary PA linkages is a priority (C): Nepal.
These examples are presented below.
G1. An example of a country in which a general increase of PA coverage is a priority (A1): Turkey
As shown in Figure G1 , based on the PAs reported by Turkey to the World Database on Protected Areas (WDPA), the country has a very low PA coverage (Prot = 0.21%). Although some sources report a higher PA coverage (Küçük and Ertürk, 2013; Ministry of Forestry And Water Affairs, 2014) , other recent global assessments using the WDPA have also reported this low PA coverage of 0.2% (UNEP-WCMC and IUCN, 2016) . In any case, the PA system as reported in the WDPA is a configuration which is useful to illustrate the A1 priority. This PA system consists of very few, small, and distant PAs, which results in very low connectivity, with ProtConn Bound = 0.07%. This connectivity is very low because the PAs are individually small, so that little protected land can be reached by moving within the limits of these individual PAs, and because they are separated from each other by very large distances (compared to the species dispersal distances), so that successful movements between the different PAs are rather unlikely (Fig. G1a) . Even for the largest dispersal distance considered, which is d med = 100 km, ProtConn Bound only reaches 0.1%. Even if all the existing PAs were located together in a single PA or in a local cluster of PAs with good inter-PA connectivity, they would jointly provide only a small amount of reachable protected land, never larger than the 0.21% of PA coverage. Therefore, a well-connected PA system in which it is possible to use and reach a sufficiently large amount of protected land can never be achieved unless a large-scale increase in the coverage of PAs (as currently reported in the WDPA) is accomplished in Turkey.
Given the very large tracts of unprotected lands separating most of the PAs compared to the considered species dispersal abilities, there is a low likelihood of successful dispersal between these PAs, which translates into a low value of the ProtConn[Unprot] fraction (4.8%, see Fig. G1b ). In fact, nearly all of the protected land that can be reached from each protected location is confined to the limits of an individual PA, as given by ProtConn[Within] = 95.2% (Fig. G1b) . (a)
G2
. An example of a country in which the targeted designation of connecting PAs is a priority (A2): Cameroon
Cameroon currently has a PA coverage of 10.9%, below the 17% level of Aichi Target 11 for year 2020 (Fig.  G2b) . However, the performance of the PA system is much weaker regarding connectivity: more than two thirds of the protected lands are not connected, giving a ProtConn Bound of only 3.0% for d med = 10 km (Fig.  G2b) . This low ProtConn Bound is the result of PAs being scattered throughout the country, generally quite distant from each other, and separated by large tracts of unprotected land (Fig. G2a) . The unprotected distances that need to be traversed between PAs are very large compared to the species dispersal distance considered, which results in a low ProtConn[Unprot] of 4.5% and in the reported low ProtConn Bound value (Fig. G2b) . If we consider the two largest median dispersal distances for which the connectivity indicators have been calculated in this study (d med = 30 km and d med = 100 km), ProtConn Bound increases but still remains low compared to PA coverage in the country (ProtConn Bound is 3.6% and 5.6% for d med = 30 km and d med = 100 km, respectively).
Given these numbers, the lack of PAs as compared to the 17% target is significant in Cameroon: there is a shortfall in PA coverage of 6.1% (17 -10.9%). This shortfall in PA coverage is, however, smaller than the percentage of the currently protected land that is not connected because of limitations in the design of the PA system of the country, which equals ProtUnconn[Design] = 7.9% for the reference dispersal distance of d med = 10 km (Fig. G2b) . Therefore, further development of the PA system in Cameroon should put an important focus on the targeted designation of PAs in strategic locations for connectivity, so that they can act as corridors or stepping stones between those PAs that are already designated. Such spatially-targeted designation should aim to fill the large unprotected gaps existing between several of the important PAs of Cameroon (Fig. G2a) , following for instance the example of Bhutan (see section G5 below), and thereby contributing to a more functional and effective network of PAs in the country.
Regarding the ProtConn fractions in Cameroon (Fig. G2b) , the ProtConn[Within] fraction is the dominant one (88.3% of ProtConn); given the difficulty of inter-PA movements due to the large distances separating many of the PAs (ProtConn[Unprot] is only 4.5%), most of the protected land that can be reached by a species is confined to that available within the source PA. The ProtConn [Contig] fraction is low but still noteworthy, with a value of 7.0% (Fig. G2b) , which is mainly due to a few adjacent and relatively large PAs in the south of the country; almost all other PAs in the centre and north of Cameroon are not directly adjacent (Fig. G2b) . Finally, the ProtConn[Trans] fraction is low because, although there are several PAs in neighbouring countries that are close or adjacent to other PAs in Cameroon, the movement between the PAs of Cameroon (i.e. when the source and destination PAs are both in Cameroon) does not depend to any large extent on using PAs in other countries along the way. Spain has a well-developed PA system regarding PA coverage (Prot = 27.9%), and also has a ProtConn Bound value that is already clearly above the 17% target for year 2020 (ProtConn Bound = 19.9%), as shown in Figure  G3b . The PA system in Spain has however a strong dependency on the permeability of unprotected landscapes, given that ProtConn[Unprot] makes up 58.1% of the total ProtConn value (Fig. G3b) and also, though to a comparatively lower extent, on the coordinated management of adjacent PAs, with ProtConn[Contig] = 24.2% (Fig. G3b) . This is because, in Spain, individual PAs are usually embedded in unprotected landscapes and are generally small; ProtConn[Within] is only 10.0% (Fig. G3b) , which is considerably below the values of this fraction in other countries (Fig. 4a) or regions (Fig. 5a ).
Because many of the PAs are small, it is unlikely that they are sufficient to individually ensure some of the conservation goals for which they were declared. Meeting these goals will only be possible if PAs function as an effective network of linked sites, which necessarily involves the conservation or restoration of green infrastructure elements in the unprotected landscapes. Promoting the permeability of the lands located in between PAs is, therefore, a priority for Spain, as well as for other countries in a similar situation and classified as B1 priority (or B1+B2) in Figure 6 . Coordinated management of different adjacent PAs for connectivity (priority B2) would also help to compensate for the relatively small size of PAs in Spain, concatenating them into coherent movement pathways supporting larger-scale ecological flows and processes throughout the country.
Spain is also within the set of countries that need to pay significant attention to the functionality and coordinated management of transboundary linkages with PAs in other countries (priority C). This is because the connectivity between Spain´s PAs depends significantly on movement through PAs in Portugal and France (Fig. G3a) , as indicated by the ProtConn[Trans] = 7.7%, which is much higher than in other countries (Fig. 4d) or regions (Fig. 5d) . Figure G3a but that they contribute to the values for Spain reported in Figure G3b and elsewhere in this study.
(a)
G4. An example of a country in which the permeability of unprotected lands is a priority (B1): New Zealand
The PA system of New Zealand has already achieved almost two-fold the 17% level of Aichi Target 11 in terms of PA coverage (Prot = 32.1%), and it also scores high in PA connectivity (ProtConn Bound = 28.2%) (Fig. G4b) . However, the connectivity of the PA system in New Zealand strongly depends on ensuring the permeability of the unprotected landscapes, with ProtConn[Unprot] = 46.3% (Fig. G4b) , much higher than in most other countries (Fig. 4c) and regions (Fig. 5c ), but below the levels for Spain (Fig. G3b) . Note that ProtConn[Unprot] = 46.3% is an overall value at the level of the entire country, but that the dependency on unprotected landscapes is significantly higher in the North Island than in the South Island. The North Island is more highly populated and has smaller PAs than the South Island (Fig. G4a) . In the South Island, some large or very large PAs are found along the Southern Alps of New Zealand, providing comparatively larger tracts of land that can be reached without traversing any unprotected land (Fig. G4a ). There are, however, some PAs towards the southeast of the South Island that are separated by relatively large portions of unprotected lands from the rest of the larger PAs in the Southern Alps (Fig. G4a) (Fig. G4b) , which is higher than in some other countries (Fig. 4a ) and particularly than in those countries that have B1 as a priority; for example, Spain, whose ProtConn[Within] = 10.0% (Fig. G3b) .
The ProtConn[Contig] fraction for New Zealand has a significant value of 14.9%, which suggests some importance of coordinated management for connectivity of sets of adjacent PAs in the country. This value, however, is not above the global average, and hence B2 is not highlighted as a top priority in New Zealand, by contrast with Spain ( Fig. G3 ) and some other countries (Fig. 6 ).
Note that in New Zealand there is a remarkable natural isolation of PAs by the sea, which mainly weakens the connections between PAs located in the North and South Islands, and to a lesser extent (given the smaller relative size of the PAs affected) the connections of Rakiura National Park and other PAs in Stewart Island with the rest of the PAs in New Zealand. This isolation of PAs by the sea results in a ProtUnconn[Sea] = 5.6% (Fig. G4b) , which is amongst the highest in the world (within the 10% of countries with highest ProtUnconn[Sea]). G5. An example of a country in which the coordinated management of adjacent PAs is a priority (B2): Bhutan PAs in Bhutan are all connected to each other, either directly or through other intermediate PAs, so that movement between all PAs is possible without traversing any unprotected lands (Fig. G5a) . There is no PA isolation due to limitations in the design of the PA system in the country. In addition, ProtUnconn[Sea] = 0 and ProtUnconn[Outland] = 0. Therefore, the Protected Connected indicator has the same value as Prot (PA coverage), i.e. ProtConn Bound = ProtConn = Prot = 50.7% (Fig. G5b) . In this sense, Bhutan has not only a high PA coverage but also an optimum design of the PA system regarding connectivity, almost tripling the 17% level of Aichi Target 11 for 2020 both for PA coverage and connectivity. In fact, of the 20 PAs in Bhutan, eight are deliberately designated and named as Biological Corridors, which gives one of the most remarkable country examples of how PAs can be established to link the entire set of PAs as a connected system. The Biological Corridors were designated in 1999, recognizing that even though the individual PAs were important there was a need to consider them as "building blocks" of the overall conservation landscape rather than as independent conservation units (Wangchuck, 2007) . These Biological Corridors have been reported to be used by different animal species, particularly by large mammals such as tigers, leopards and takins (Wangchuck, 2007) . The combination of these Biological Corridors with other PAs in the country (National Parks, Wildlife Reserves, etc.) forms the Bhutan Biological Conservation Complex (B2C2) as described by Wangchuck (2007) . As in all cases and countries, the ProtConn levels reported here, and the actual functionality of these Biological Corridors, will depend on the effective conservation and management of these PAs, which is assumed by the ProtConn indicator and is hence a priority to be ensured by Bhutan and by all other countries. i The country boundaries are as given by the GAUL 2015 layer (see Methods). The dashed lines to the east of Bhutan correspond to Arunachal Pradesh, a territory with unsettled sovereignty according to (and as mapped by) GAUL 2015 which is disputed by India and China. The delineation of the boundaries of the country and of the disputed territories here shown is therefore taken from GAUL 2015 and does not imply any endorsement by the authors, nor any official position by the European Commission, on the sovereignty of any of these lands (either if reported as disputed or as non-disputed by GAUL 2015).
ii To be fully precise, there is a small exception of a very small PA (with an area of 1.14 km 2 ) that is to some degree isolated (not connected through protected lands to other PAs and relatively distant from them), which in fact gives ProtConn G6. An example of a country with no specific priority other than PA management effectiveness for connectivity (B3): Greenland
The PA coverage in Greenland is very high (Prot = 41.2%) and most of the protected land is connected and actually found within a single and very large PA (National Park) in the northeast of Greenland (Nationalparken i Nord-og Østgrønland), which has an area of 972,000 km² (Fig G6a) . This translates to a ProtConn Bound value that is also very high and almost as large as Prot (ProtConn Bound = 40.5%), as shown in Fig. G6b . Both Prot and ProtConn Bound are well above twice the 17% level of Aichi Target 11 for year 2020.
Given that this large PA, alone, is responsible for the vast majority of the reachable protected land in Greenland, and of the reported ProtConn Bound value, the single priority for this territory is to ensure an effective conservation management for connectivity of this PA. Note that PA management effectiveness for connectivity is an assumption of the ProtConn indicator, and hence is a priority for all countries. The difference is that in the case of Greenland, the very dominant contribution of such a large (and assumed to be internally connected) PA gives a very high value to the ProtConn[Within] fraction, which is 98.1% (Fig.  G6b) . This very large ProtConn [Within] value overrides the other ProtConn fractions, which get very low values (Fig. G6b) . Therefore, none of the other priorities that could hypothetically apply for countries above Aichi Target 11 (priorities B1, B2 or C) are specifically highlighted for Greenland, which remains with no other specific priority than PA management effectiveness for connectivity (B3).
The small value of ProtUnconn[Sea] = 0.2% is due to a few small PAs located in islands such as Disko Island (Qeqertarsuaq), which are separated by the sea from the rest of Greenland. G7. An example of a country in which the coordinated management of transboundary PA linkages is a priority (C): Nepal A considerable proportion of the connectivity between the PAs in Nepal is dependent on movement through PAs in other countries, as given by ProtConn[Trans] = 26.4% (Fig. G7b) , the third largest ProtConn [Trans] value in the world (after the Czech Republic and Portugal). This is mainly because of the connecting role that the Quomolangma Nature Preserve in China (a large PA along the north-northeast border of Nepal, see Fig.  G7a ) has in linking several important PAs in Nepal. For example, it links the Annapurna and Manaslu Conservation Areas with Langtang National Park, and links the Sagarmatha and Makalu-Barun National Parks with the Kangchenjunga Conservation Area. This latter PA is in fact part of the Kangchenjunga Landscape, which is shared by Bhutan, India and Nepal, and is considered one of the most important transboundary landscapes in the eastern Himalayas (Chettri et al., 2007) . PAs in the west-southwest of Nepal are also connected by PAs outside Nepal, though to a lower extent. In particular, the connectivity between the Bardia National Park and the Shuklaphanta Wildlife Reserve (both in Nepal) is enhanced by the Dudhwa National Park and the Katarniaghat Wildlife Sanctuary (both in India), which can be used as stepping stones or protected pathways in movements between the Nepalese PAs. These PAs are part of the Teraic Arc Landscape, a transnational region that has been highlighted as important for tiger conservation efforts and other connectivity-related processes (Harihar and Pandav, 2012; Chanchani et al., 2014) . Therefore, the connectivity of these PAs in Nepal, and of a significant portion of the PA system in Nepal, will considerably benefit from a coordinated transboundary management with specific PAs in China and India that ensures the functionality and actual connectivity benefits of these transnational linkages.
While in Nepal the PA coverage (Prot) is already above the 17% level of Aichi Target 11 (Fig. G7b) , there is still a shortfall on PA connectivity as measured by ProtConn Bound (ProtConn Bound = 14.6% < 17%), as shown in Figure G7b . This shortfall is mainly because, despite the good size and coverage of PAs in Nepal, several of them are separated by large tracts of unprotected landscapes; this is particularly true for the large distances to be traversed in movements from the PAs along the northern border of the country to those along the southern or western border (Fig. G7a) . This arrangement makes it less likely that successful movements will happen between these PAs in Nepal, either now or in a future of potential further habitat loss and fragmentation in the unprotected landscapes, given the lack of protected pathways linking those PAs in the country. Given this situation, a priority for Nepal is the targeted designation of PAs in strategic locations for connectivity (priority A2), as done for example in Bhutan (see section G5), so that these new PAs can function as corridors or stepping stones between the rest of the PAs already designated in the country, thereby contributing to the long-term self-sufficiency of the PA system for connectivity. 
